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Abstract 
This study related to the development of bio-degradable composites using areca nut frond fibers for use in low strength 
applications. The fronds are immersed in water for 72 hours to extract the fibers. The extracted fibers were treated with alkaline 
solution. The fibers are dried in ambient conditions for 24 hours. A biodegradable resin matrix was prepared using corn starch, 
water, plasticizers and impregnated with the treated short fibers in random orientation, poured into a mould and compacted for 
10 minutes. The composites were extracted and allowed to dry for 48 hours. The tensile strength of the composite obtained was 
45.29N. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the organizing and review committee of IConDM 2013. 
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1. Introduction                   
The interest in natural fiber-reinforced polymer composite materials is rapidly growing both in terms of their 
industrial applications and fundamental research. They are renewable, cheap, completely or partially recyclable, 
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and biodegradable. Plants, such as areca nut, flax, cotton, hemp, jute, sisal, kenaf, pineapple, ramie, bamboo, 
banana, etc., as well as wood, used from time immemorial as a source of lignocellulosic fibers, are more and more 
often applied as the reinforcement of composites. Their availability, renewability, low density, and price as well as 
satisfactory mechanical properties make them an attractive ecological alternative to glass, carbon and man-made 
fibers used for the manufacturing of composites. The natural fiber-containing composites are more 
environmentally friendly, and are used in transportation (automobiles, railway coaches, aerospace), military 
applications, building and construction industries (ceiling panelling, partition boards), packaging, consumer 
products, etc. We all know the world has its problems, particularly where the environment is concerned. But not 
too many of us know the details. Sustainability is the key to preventing or reducing the effect of environmental 
issues. There is now clear scientific evidence that humanity is living unsustainably, and that an unprecedented 
collective effort is needed to return human use of natural resources to within sustainable limits. For humans to live 
sustainably, the Earth's resources must be used at a rate at which they can be replenished. Concerns for the 
environment have prompted the formation of go green concept. The main aim is to develop eco-friendly materials. 
The main objective of this paper is to develop a procedure for the extraction areca fibers from areca leafs, treating 
those fibers with environment friendly treating media, preparation of matrix material from biodegradable and 
renewable sources; investigation of tensile properties of the areca fibers and of composite materials. 
As a result of the increasing demand for environmentally friendly materials and desire to reduce the cost of 
traditional fibers (i.e. carbon, glass and aramid) reinforced petroleum based composites, new bio based composites 
have been developed. Researchers have begun to focus attention on natural fiber composites, which are composed 
of natural or synthetic resins. 
Prasad S V et.al [1] treated the coir fiber with alkali solution with a view to improve the wet ability of fibers with 
resin such as polyester. Fibers are soaked in 5% aqueous solution of Sodium hydroxide (NaOH) at 28±1° C for 72 
to 76 hours and treatment of fibers increased the tensile strength by 15%. The debonding stress of treated fibers 
from matrix was 90% higher than that of untreated fibers from the same matrix. Treatment of fibers increased the 
mechanical strengths such as flexural strength, modulus and impact strength of composites by 40%. Valadez 
Gonzalez et.al [2] treated the henequen fibers with a NaOH aqueous solution (2% w/v) for an hour at 25°C and 
treated fibers washed with distilled water until all the NaOH was eliminated. Subsequently the fibers were dried to 
60°C for 24h. The treatment of fibers increased the surface roughness that results in a better mechanical 
interlocking and increments the amount of cellulose exposed on the fiber surface. Morphological and silane 
chemical modification of the fiber surface improved interfacial shear strength between fibers and thermoplastic 
matrix.  
Jochen Gassan et.al [3] improved the mechanical properties of jute epoxy composites by the use of NaOH 
treatment process. Alkali treatment was done by treating the fiber samples with different solutions with NaOH at 
concentrations up to 28% by weight for a maximum of 30 min at a temperature of 20°C followed by washing of 
approximately 30% and 50% respectively, lower than comparable glass fiber epoxy composites. Use of fibers and 
of higher fiber contents, both led to a decrease in fatigue behaviour and progress in damage in the composites. 
Varada Rajulu et.al [4] reinforced short natural fiber belonging to the species Hildegardia Populifolia in styrenated 
polyester matrix. The mechanical properties of the composites reinforced with alkali treated fibers were 
determined and compared with untreated fibers. The fracture surfaces of these composites were investigated by 
SEM. Tensile modulus is measured   using Instron UTM model: 1175 (UK).Alkali treatment of the fibers enhanced 
the tensile modulus by 3.5% and compressive strength by 7.5%. 
Munikenche Gowda T et.al [5] evaluated mechanical properties of woven jute fabric reinforced composites. 
Specimens are prepared by hand layup technique according to ASTM-D standard 3039. Fibers are reinforced with 
commercially available general purpose polyester resin. From results concluded that the mechanical properties of 
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reinforcing material is eco-friendly, nontoxic, low cost and easily available as compared to conventional fibers; the 
composites are a good substitute for wood in indoor applications. Mohan Kumar G C et.al [6] studied the 
mechanical properties of the fibers extracted from areca is determined and compared it with other known natural 
fiber coir. Areca fibers chemically modified by alkali treatment and effect of the treatment on fiber strength 
studied. Composite laminates are prepared with different proportions of phenol formaldehyde and fibers. Tensile 
test, moisture absorption test and biodegradable tests on these laminates were carried out. Biodegradability tests 
shows the degradability of areca fibers is low hence better and long life for composites 
The study of literature shows that reinforcement of natural fibers like hemp, sisal, kenaf and jute with synthetic 
resins has been used extensively. Research work on areca fiber reinforced composites is its nascent stage. Hence 
there exists a need for extensive study for the use of areca nut fibers in composites development. The review 
reveals that there is scope for research on composites using areca fibers. The published literature indicates that 
fiber treatment is necessary for improving surface and tensile properties. Published literature uses treatment media 
that can cause extensive ecological damage if used in large quantities. Present research mainly focuses on 
developing eco-friendly and sustainable composite materials using natural resources. This project aims at trying to 
substitute natural materials with synthetic materials in the development of composites. 
2. Areca Leaf Fibers 
Areca Catechu is a slender, single trunked palm that can grow to 20- 30 m. It is cultivated from East Africa and the 
Arabian Peninsula across tropical Asia and Indonesia to the central Pacific and belongs to Arecaceae (Palme) palm 
family. Plants leaves are even pinnately compound, and of 1-1.5m long; longest near middle of frond.  The leaf of 
the Areca is a hard fibrous portion covering endosperm; mainly composed of hemicelluloses. Areca fibers contain 
13 to 24% of lignin, 35 to 64.8% of hemicelluloses, 4.4% of ash content and remaining 8 to 25% of water content. 
3. Extraction of areca fibers 
Areca leafs collected from in and around parts of Manipal was used to study the strength of fiber and to prepare the 
composites. Leafs were soaked in water for about 3 days. Soaking process loosens fibers and it can be extracted 
easily. The fibers are separated from the leaf by using metal wire brush and fibers are dried in room temperature. 
Extracted fibers known as untreated fibers. The figure 1(a) and (b) shows soaked areca leafs and extracted areca 
fibers respectively. 
 
                        Fig.1.Pictures of Areca fibers (a): Soaked areca leaves                                                        (b): Extracted fibers 
4. Dimensions of fibers 
The dimensions of fibers were measured by image Analyzer.  It is an instrument for the analysis of microstructures 
and software gives the capability to process and analyze images obtained through microscope. 
 
969 N.H. Padmaraj et al. /  Procedia Engineering  64 ( 2013 )  966 – 972 
 
Fig.2. Micro-photograph of a fiber. (Magnification 5X) 
The length of leaf was divided into three parts; front, middle and bottom. The length of each division was 50mm. 
45 specimens were prepared and the average width of the fiber was 0.32252 mm and average thicknesses of fiber 
was 0.23472 mm and were chosen as the final dimensions of the fiber. Figure 2 shows the micro-photograph of 
fiber at 5X magnification. 
5. Strength of areca fibers 
Strength is the important factor for any structural application. The extracted fibers from the areca leaf are tested for 
tensile strength. Samples are prepared randomly from the stock and gauge length of specimen maintained as 
250mm. 
Versatile tensile equipment Instron 3366 is utilized to conduct the untreated areca fiber strength test. Tests are 
carried out according to ASTM D 638-03[4-6]. While conducting test 5 number of fibers taken as a bundle and to 
hold the specimens properly the equipment; tip of the samples are covered with plastic. Tests were carried out a 
feed rate of 0.5 mm/min. The graph obtained for load vs. extension for untreated fibers shown in figure 3. 
ulus for areca fiber was 90.285MPa. The 
graph shows that areca fibers are brittle in nature. 
 
 
Fig.3.Load vs. Extension curve for untreated fiber 
6. Fiber treatment  
The samples for the treatment are prepared from the extracted fibers. For standardization the samples length was 
maintained as 250 mm and batch of 30 fibers treated at a time. Weights of samples are measured by using 
Electronic Balance. Natural fibers contain around 10% of water content; to remove this moisture the samples are 
heated in oven at 80° C for 15 minutes. For treating purpose 1N of Sodium carbonate solution prepared [1-3]. 
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According to US Federal Resource Conservation and Recovery Act (RCRA) regulations disposal of Sodium 
carbonate is considered to be as non-hazardous waste and effect of this on aquatic and environment is very less. 
The fibers are dipped in treating media for 15 hours. To observe pH changes during the treatment process pH of 
the treating media before and after the treatments measured by using digital pH meter. The solutions reused for 
treatment process till the solution becomes acidic.  The weights of treated samples are measured and the samples 
are dried in room temperature. 
Table.1. Parameter variation during treatment process 
Parameters Observation 
Initial weight of untreated fibers 1.640 gram 
Weight after heating at 80°C for 15 min 1.359 gram 
pH of 1N solution 10.17 
Weight after 15 hours 3.72 gram 
pH after 15 hours 10.40 
At the end of treatment it is observed that the chemical nature of the solution does not change drastically hence it is 
concluded that the solution can be reused for treatment process till any major changes in the pH value of solution 
are observed. 
7. Tensile Test of Sodium Carbonate Treated Fibers 
Sodium carbonate treated fibers are tested in Instron 3366 and specimen length kept as 250mm. Tests are carried at 
a feed rate of 0.5 mm/ min. Figure 4 shows nature of load vs. displacement curve for sodium carbonate fibers. 
Tensile test of specimen given a maximum load of 38.96N 
 
Fig .4. Load vs Displacement curve of sodium carbonate treated fibers 
 
8. Bio Resin and Bio Composite Preparation 
Bio polymers (BP) are polymers that are generated from renewable natural sources, are often biodegradable and 
nontoxic. The components used to prepare BP are starch, glycerol, vinegar and water.  In this starch, glycerol and 
vinegar chemically modifies and forms glyceraldehyde starch acetate. Starch is not a thermoplastic, but in the 
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presence of plasticizer (Glycerol, water), high temperatures (90-180° C) and shearing, it melts and fluidizes, 
enabling its use in injection, extrusion and blowing equipment. The water added to the formula plays two roles: it 
is an agent that breaks the structure of the native granule, breaking the bonds of hydrogen chains, and it is a 
plasticizer.  The properties of plasticized starches depend a lot on moisture. 
Treated fibers were used to prepare short randomly oriented areca fiber reinforced bio composite.  Hand lay-up 
technique used to manufacture the composite. To create the material water, vinegar, starch, glycerol and short 
areca fibers are mixed and heated at 140°C for 10 minutes. By heating the mixture turns it into a semi solid paste. 
The paste is then poured in to 12x12 cm mould and allowed to harden in normal room temperature for 2 days. 
After removing from mould composites are dried in room temperature. 
 
9. Tensile test of bio composite 
Composite materials tested for strength according to ASTM D 3039 [2]. Specimens having dimensions of 
100x15x3mm were prepared. Tests were conducted at a feed rate of 0.5 mm/min. Figure 5 shows Instron 3366 
setup and specimens used for the tensile test. 
 
Fig. 5. Instron 3366 setup and specimen 
 
 
Fig.6.Load vs Displacement curve for areca fiber composite 
Figure 6 shows the load vs. displacement curve obtained from the test. From test average of 45.29N of load 
obtained for  
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10. Conclusions 
Alkali treatment of areca fibers improved the mechanical properties to some extent. Fiber surface treatment can 
improve the adhesion properties between areca fiber and matrix and simultaneously reduce water absorption. 
Research results reflect that areca fibers can be reinforced with suitable polymers and can be useful for small load 
carrying applications. 
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